ABSTRACT: New York University characterizes itself as a global-network university. It currently offers (or soon will) engineering and business/management curricula leading to baccalaureate degrees on campuses in New York, Abu Dhabi and Shanghai. The programs are designed to be interoperable, i.e., students (and faculty) can move from campus to campus while staying on track in their particular course of study. This objective of interoperability raises interesting issues regarding the internationalization of engineering and technical education. Additionally, at Abu Dhabi and Shanghai, the engineering and business management programs are tightly integrated with classical, western liberal arts education. This paper will explore the variety of educational and philosophical issues of this approach. The paper will offer a favourable assessment of the approach while acknowledging the profound challenges it entails.
INTRODUCTION
Foreign exchange programs, for both educational and research purposes, have for a long time been important to the mission of universities. Yet in the current era of rapid globalization international collaboration has frequently been seen as an imperative, essential to universities that wish to maintain their rank in the upper tiers of teaching and research institutions, only thus being able to garner the strongest students and the most financial support. The endeavour has taken many forms and has been subject to strong criticism. International collaboration is sometimes seen as leading to a dilution of core activities, diverting limited budgets that could better used for new laboratories and equipment or higher faculty salaries. In the United States and Europe questions of academic freedom and educational purpose and freedom of expression (speech and behaviour) are raised by faculty concerned about the impact on academic standards, especially where collaboration leads into regions of the world where strong cultural and political traditions challenge the dominant values of the West. Questions of this latter sort are generally raised in the context of liberal arts education. Certainly this has been the case for both Yale and NYU, two prominent American universities opening full service campuses abroad. While not questioning the importance and relevance of academic freedom and freedom of expression in general and within engineering education, some other issues seem to be explicitly problematic in the context of the liberal arts curriculum. For example, Should Augustine's Confessions or Rousseau's theory of the state of nature and the social contract be taught as part of a global educational core? Many might question the importance, centrality or even appropriateness of teaching either of these texts in the Asian division of an American university. But would similar reservations be expressed about teaching thermodynamics or fluid mechanics within the science or engineering programs? To frame the controversy more generically, consider whether engineering education is easily transferred from one global setting to another? Is engineering a universal discipline where cultural differences make no difference? Is technology a universal good available equally to all those who possess the requisite skills? The question has two sides: on the one hand can Western engineering programs be replanted abroad and be just as accessible and beneficial to its new constituency as it is to those it serves at home? And on the other does the global or international resituating add specific value to the program (beyond the general benefits for students of travel and broad life experience)? This presentation will focus on the implications of the growing internationalization of universities for engineering education. If an engineering curriculum is interoperable, that is if students can move freely from one campus to another and remain on track, what restraints or advantages does this freedom provide? Are the issues of academic freedom and freedom of expression different for engineering than for any other division of the university?
THE ENGINEERING CURRICULUM
Many words have been uttered, committees formed and battle lines drawn over the issue of just what the undergraduate engineering curriculum should include. Everybody agrees on some points, for example that mathematics, natural science and design are all essential but the consensus does not begin to answer questions about how much, what type, when, what level, etc. ABET standards are often invoked, but ABET demands explanations, justifications and assessment of results rather than compliance with a single standard or approach. In recent years ABET and the U.S. National Academy of Engineering have endorsed multiple approaches to engineering education born of the recognition that engineers are needed to perform an ever widening set of tasks and no single preparation can suit them all. The problem is compounded because the quality and depth of pre-university competence in the STEM disciplines varies widely and anecdotally is currently in a period of decline. In the international context the difficulties are again exacerbated: Chinese students routinely out perform their American peers when it comes to mathematics, for example. But is the content or the list of specific topics taught, what makes engineering education what it is? It's reasonably clear that mathematicians and scientists work quite differently than engineers do; their goals are different as are the ways they construct problems and likewise generally speaking their work styles are unlike those of engineers. We remember that engineering is not a single discipline and its objective is not epistemic clarity. Engineering is as much a humanistic endeavour as a scientific one and its guiding philosophy is pragmatism. What does this mean? Engineering is perhaps best characterized as a practice. As such it has agreed upon protocols, procedures, behaviours all in the service of defined ends. The ends of engineering practice are diverse but determined by society or some subset of society. Engineering is a practice in the service of society regarding material structures and devices. The responsibilities of engineers fall under the four broad categories of conceive, design, implement and operate. These categories, identified by the CDIO movement, point out clearly the diversity of engineering activity and include what society expects from engineers from invention and innovation, to the operation of complex machinery, safety assurance and maintenance. How can an educational program prepare engineers for this kind of diverse and critical practice? While there is little doubt that engineers should be well educated and thus introduced to fields and disciplines outside of engineering per se, it is important to recognize both that the learning objectives inherent in the other disciplines are quite different from those of engineering education and that engineering students are likely to approach their nonengineering work in distinctive ways and with alternative expectations from their peers in the arts and sciences. What are the differences? Perhaps engineering would share more with professional training programs such as law or medicine, but the context of this discussion is within the scope of undergraduate education at an American university (regardless of geographical location). Within this paradigm certain generalizations are valid: the sciences, natural and social, seek to preserve, validate and discover knowledge, i.e., verifiable truth; the humanities explore self and society from a reflective subjective point of view as well as refine human sensibilities; the fine arts develop technical skills for making and performing; theoretical mathematics is a science while applied mathematics is much like the fine arts. Some disciplines, history for example, can be considered both one of the humanities or a science dependent upon the approach. The interesting thing is that, apart from honesty, these academic disciplines do not invoke a strong sense of responsibility. Engineering, on the contrary, carries with it a great many responsibilities among which may be numbered many of crucial importance for the well being of humankind. With this understanding it is clear that the content presented in an engineering program, such as the laws of thermodynamics, the tensile strength of various materials, and other elements of engineering knowledge, does not comprise the essential character of engineering education. In fact one may go so far as to say that mastery of this kind of knowledge is insufficient to make one an engineer. What is the sine qua non of engineering education, that which must be implemented successfully regardless of other features of the curriculum? For lack of better terminology call this necessary component of an engineering program the development of responsibility. For the development of responsibility to be at the heart of engineering education several questions must be answered. The first obviously is responsibility for what? With the exception of a major problem area (to be addressed below) this can be answered fairly simply in keeping with the CDIO categories.
The second invokes the age-old philosophical dilemma of whether virtue can be taught. Begin with the second consideration. The famous Socratic inquiry put forth in Plato's Meno makes the issue clear. Virtue or excellence is not knowledge and the ability to name it or describe it is not equivalent to possessing it or being virtuous. Aristotle recognized that virtue is attained through practice and the inculcation of good habits. Moreover there is a certain unavoidable variability: there is not only and always just one right way to perform a task. So it is with engineering responsibility. Following Aristotle one will argue that the inculcation of those good habits that characterize the excellent and responsible practice of engineering result from the dedicated guidance of an experienced mentor. Thus the first requirement for an engineering program is a curricular structure that includes a significant mentoring component along with the presence of appropriate mentors. The next section will discuss the implications of this for an international engineering educational program. Before that attention will be given to the question of responsibility for what? Some types of engineering responsibility should be obvious, although they may be difficult to make operational. Safety issues and the reliability of devices are examples. The integrity of design goes along with this. However in the area of engineering creativity, innovation and invention, the meaning of responsibility is far from clear. The creation of something new, device or process, resulting from study and experimentation, establishes a kind of responsibility just as parenting a child implies future responsibility. But natality is renewal whereas engineering creativity introduces into the world devices and processes that may not have existed before and which may alter radically and irreversibly the fundamental order of things. Thus while the responsibility for a child extends to caring for the child, to be sure on terms that vary according to cultural norms, the responsibility engendered by the creation of a world-altering device entails care for the world more than the device. In some cases bringing a device into the world may create responsibilities for the world that cannot be fulfilled. Many have argued that the creation of the first atomic bomb was precisely such a instance. What kind of responsibility is this for the future? If the future horizon in question is far distant then the ability to estimate the likely consequences attending the introduction of a new device is diminished significantly. If the consequences are unintended or unanticipated, which to some extent they most surely will be, then whatever responsible care is possible will be ad hoc and on the fly. If the impact is adverse or deleterious and as may well be the case irreversible then the very idea of responsible care dissolves. This is the risk of engineering and the hope that benefit will outweigh adversity is a bet society asks engineers to make every day. This bears directly on the topic of the internationalization of engineering education. Is the bet one society is willing to place the same as that of another? Social risk analysis is derived from perceptions of needs. The risks of hydraulic fracturing are measured against the perceived need for new sources of energy; the risks of ever growing energy consumption are assessed on the basis of how important certain amenities (such as private cars, air conditioning, and more) are considered to be. The list is long and complex, laden with subjective values, and different from society to society. Considering the responsibilities of engineering together with the general mission of higher education to benefit the societies it serves it is clear that programs to educate engineers must be cognizant of the social structures and values of the cultural communities in which they operate. Clearly this is a matter of importance in curricular design, but it is at least as important on the plane of research when considering the connection of the engineering school to the other divisions of the university and to the variety of agencies and organizations outside of university governance with which it will deal regularly. The term ivory tower does not apply to engineering schools. Their connection to the world in which they operate is not merely the conduit of students who enrol to return as graduates to work in their society. Engineering schools are connected to the larger society through commerce and industry, governmental agencies and NGO's and various individual consultancies. The objective of engineering practice is not pure, abstract truth but rather programs and devices that function well and serve human and social need.
RESPONSIBILITY OF AN ENGINEERING SCHOOL IN A FOREIGN SETTING
With these considerations in mind what specifically is the role of an engineering school that is part of a university's international activities operating abroad? Many of the normative operating standards will need to be revised. The relationship to government agencies is an obvious example. To answer this question two recent international experiments currently underway by NYU will be used as examples.
New York University, one of the world's largest private universities, is a highly ranked research institution with highly regarded programs in law, medicine, business management, education and the arts and sciences. It is also home to the Brooklyn Polytechnic Institute, one of the United States' oldest and most revered engineering schools. Like most American universities it has in recent years developed an extensive array of study abroad programs that permit students to have a meaningful international experience without interrupting their education. To serve these programs NYU has established numerous international sites around the world (in Europe alone NYU has such sites in Berlin, Florence, London, Madrid, Paris and Prague) where students and faculty from New York fruitfully spend a semester or two. In these cases the model is straightforward: students study abroad to learn from and otherwise be enriched by the host culture. As a matter of practice, the participation of engineering is such programs is limited as it is difficult to muster a sufficient complement of the required technical courses to serve the needs of engineering students.
The commitment of NYU to internationalization now goes well beyond this traditional type of program. Branding itself as the global network university NYU is now creating replications of itself in far-flung venues. The first two of these semiautonomous versions of the university are NYU-Abu Dhabi and NYU-Shanghai. The former is in its third year of operation and the latter is scheduled to open in the fall of 2013. Since both of these campuses include engineering among their offerings attention will be directed to them. Although a stated objective is for the programs at NYUAD and NYU-Shanghai to be interoperable courses offered and the requirements for graduation are not the same at the two international campuses nor are they equivalent to those at NYU-Polytechnic.
In establishing the university at each location, Abu Dhabi and Shanghai, specific local expectations had to be addressed and resolved in a manner acceptable to both the university and the host country. As one would expect the relationship in each case is unique, the result of lengthy negotiations.
In Abu Dhabi the university is largely funded (including facilities, operations, student tuition, etc.) from the UAE sovereign wealth fund. Sceptics have feared that this funding arrangement confers inappropriate and excessive influence on the Abu Dhabi royalty behind the largess. While NYU maintains that proper regard for academic freedom, the independence of academic standards and proper respect and freedom for members of the university community (concerns were raised about the rights of women, gays, Israelis, among others) has been guaranteed -and apparently there has been no conflict to date, the financial dependence of the university upon agents of a belief system quite heterodox to that of a modern western institution remains a matter for ongoing vigilance.
NYU-Shanghai is not the benefactor of such comprehensive financial support, although Chinese authorities have granted some public funding and the provision of land for the campus. In return for the permission to operate in China arrangements have been made to assure compliance with the standards of the governing ministry of education. These include a partnership with a Chinese university (ECNU), approval in general terms of the curriculum by the MOE, and the requirement that 51% of the students be Chinese nationals. Planning is still underway and one assumes that matters of academic freedom and human rights will be articulated in a manner consistent with western standards.
So to begin with, in both examples, NYU strives to guarantee and protect academic and civil standards, norms and priorities consistent with those of an American university. Nevertheless, in both cases, the university was invited to set up shop (and receive some support for doing so) on foreign soil because of the expectations of the benefits it would bring to the host. What, generally speaking, were these expectations?
Not surprisingly key among the expectations and stated purposes behind the interest in inducing an American research university to establish a presence both in Abu Dhabi and Shanghai was the understanding that scientific and technological expertise would represent a significant portion of the university's intellectual assets and that they would be a source of great benefit to the host country. In other words, the establishment of the university was to be a vehicle of technology transfer. This reasoning puts engineering, especially with its current proclivities toward innovation and invention, at the very heart of the university.
This realization underscores the importance of engineering responsibility and the difficulty of the wager engineers routinely make with society regarding the introduction of new devices and processes. How, in the particular instances of Abu Dhabi and Shanghai with the presence of an American university with engineering at its heart, is that wager to be played?
As an aside it should be noted that to all appearances NYU does not see engineering at its centre, neither in New York nor on its global campuses. That this may have an impact on the future standing of NYU in Abu Dhabi and Shanghai is another item for continuing observation.
But with regard to the responsibilities of engineers and programs teaching engineering in diverse cultures and polities the first question must include a reflection on whether there is any barrier, based on politics or social/cultural customs and traditions, to the practice of engineering in a way that aims to support the common good and the future of all humankind. Projects that can be seen to bring advantage only to a particular group, especially when such advantage may be at the expense of another group, should be eschewed. A word of clarification is required here. Most projects directly and immediately benefit only a specific group or only address a specific problem in a particular place. But such projects may not need to be avoided if they are applications of a generally beneficial technology that with modification can be deployed elsewhere. For example, in the Abu Dhabi area there are many potential engineering projects related to the region's water management problems. Desalinization techniques, while of urgent importance in the UAE, can be of benefit globally. And although the proximate benefactors may be only a subset of the UAE population, the nature of the project does not imply a restricted good. And a project with this immediate scope may well promote other universally beneficial technologies. Since current desalinization technology depends upon heavy energy consumption an efficiency engineers might strive for would be to lower that requirement. Thus it should be clear in most cases how engineering projects can be of likely benefit to all humankind for the long term.
This should be a governing principle of engineering schools. The United States' National Academy of Engineering has promulgated a list denoted as the Grand Challenges that identifies a number of generic projects that are crucially important globally in the current era. This list or something similar could provide the foundation for the role of an engineering school that has been transplanted to a university's international location.
To embrace the thinking behind the Grand Challenges represents a commitment to engineering responsibility. This kind of responsibility, grounded in amor mundi, may not however always satisfy commercial interests, nor yield new products to be brought to market. It is sometimes said that technology is the handmaiden to capitalism. Is engineering innovation prompted only by the lusts of the free market? How does responsible engineering relate to the worlds of business and entrepreneurship?
ENGINEERING AND BUSINESS EDUCATION
Modern engineering has often been the discipline that enabled the realization of the goals of other agencies, for example the military. These days with the unrelenting emphasis on entrepreneurship engineering is most often connected to business enterprise. In the world of business the watchword likewise is entrepreneurship and that generally implies technology. Of course engineering, as already discussed, should not be reduced to technology, but it is the place where business typically meets engineering.
At the risk of gratuitous oversimplification it is noted that business is for the sake of making money. One needn't be a free-market capitalist nor subscribe to Milton Friedman's view to agree with this proposition. Friedman argues, in his wellknown essay entitled straightforwardly "The Social Responsibility of Business is to Increase its Profits," that business should not adulterate its only purpose (which is to benefit its owners and shareholders) by taking on an agenda of social responsibilities. But for the sake of argument consider this position to be mainstream business economics. In that case engineering stands as a very different form of human activity. As argued above matters of social responsibility are intrinsic to engineering practice. If business is to eschew such concerns then it is likely that any appropriation of engineering technology by business enterprise will tend to distort or limit the best practice of engineering.
Of course in contexts where business and the public interest are closely integrated, as they allegedly are both in China and the UAE -although with different models and divergent views of the public interest -businesses may claim specific social or public responsibilities. But it is still the case that businesses strive to succeed on business terms, which means social responsibility makes sense only when it makes money. Thus it seems inevitable that engineering will stand in an antithetical relation to business enterprise under most if not all economicpolitical systems.
So in a university that has been established abroad, often invited on the putative grounds that it will bring benefit by stimulating the economy through the introduction of new technology, what should the relation be between engineering and business education?
Perhaps there should be no particular relationship at all. Accidental or ad hoc collaborations should not be prohibited, but the systematic coordination of business and engineering education should be avoided. Some clarification to avoid possible misunderstanding is in order. Ideally students in enrolled either in engineering or business programs will have some curricular overlaps and commonalities. Communications and mathematics courses, for example, may suit both programs equally well. But these courses are neither engineering nor business courses as such and should enrol students from diverse other programs as well. General education, if that term can be used, serves to introduce students to norms outside their specific disciplines and promotes common discourse across disciplines. For this reason these courses should not be taken over by any division, i.e., engineering or business programs, where they would be moulded to the prevailing ideology of the discipline.
What should not happen is to combine the intellectual or any other mission of engineering or business education programs.
Universities have an obligation to be pluralistic in the sense that multiple and even conflicting points of view are given opportunity to flourish. This indeed underlies the true spirit of interdisiplinarity, which may be the most important condition for innovation.
This approach is likely in full accord with Friedman's dictum without either endorsing or repudiating his larger economic philosophy.
CONCLUSION
This has been an argument for the importance of engineering and the autonomy and nobility of engineering education. The approach, purpose and standards of engineering education both differentiate it from the other apartments in the house of intellect as well as encourage its companionship with them. In the internationalized university there should be no difference in this respect from the values on the home campus. The nature of the friendship between engineering and the liberal arts in a university that has made its abode in a culture that does not naturally reflect or extend enlightenment values may be, because of the nature of engineering's forays into the host society, to help establish the basis for a new enlightened discourse on the crucial issues of what humanity most needs. Business or management programs might do the same, but for engineering it is an integral part of its essential purpose.
